The issue of trend detection in long time series of river flow records is of vast theoretical interest and considerable practical relevance. Water management is based on the assumption of stationarity; hence, it is crucial to check whether taking this assumption is justified. The objective of this study is to analyse long-term trends in selected river flow indices in small-and medium-sized catchments with relatively unmodified flow regime (semi-natural catchments) in Poland. The examined indices describe annual and seasonal average conditions as well as annual extreme conditions-low and high flows. The special focus is on the spatial analysis of trends, carried out on a comprehensive, representative data set of flow gauges. The present paper is timely, as no spatially comprehensive studies (i.e. covering the entire Poland or its large parts) on trend detection in time series of river flow have been done in the recent 15 years or so. The results suggest that there is a strong random component in the river flow process, the changes are weak and the spatial pattern is complex. Yet, the results of trend detection in different indices of river flow in Poland show that there exists a spatial divide that seems to hold quite generally for various indices (annual, seasonal, as well as low and high flow). Decreases of river flow dominate in the northern part of the country and increases usually in the southern part. Stations in the central part show mostly 'no trend' results. However, the spatial gradient is apparent only for the data for the period 1981-2016 rather than for 1956-2016. It seems also that the magnitude of increases of river flow is generally lower than that of decreases.
Introduction
The issue of trend detection in long time series of river flow records is a very important task of vast theoretical interest and considerable practical relevance (Kundzewicz et al. 2005) . The former statement reflects the search for impacts of the ongoing climate change. Climate change track is easy to find in records of increasing temperature, but the situation is far more complex in precipitation and even more so in river flow records. The latter statement reflects the fact that water management is based on the assumption of stationarity, that is, constancy of statistical properties of the river flow record. Hence, it is crucial to find whether the statistical properties of the record can be regarded as approximately stationary, recognizing that stationarity is only a convenient idealization (Milly et al. 2008 (Milly et al. , 2015 . For instance, flood risk reduction is based on the concept of design flood, with the probability of exceedance in any one year being, depending on the area, 0.01, 0.05, 0.1, etc. River flow corresponding to a given probability of exceedance is the parameter of importance for people responsible for flood preparedness, both from the viewpoint of general natural disaster risk reduction and climate change adaptation, as flood risk tends to increase in the warming climate, with more room for water vapour is the warmer atmosphere (Hanson et al. 2007) .
No research known to the authors convincingly demonstrates a regionally ubiquitous and uniform change in river flow at any larger scale (global, continental, regional, national) . There exist several contributing (and partly compensating) factors affecting the river flow process.
As noted by Kundzewicz and Robson (2004) , data are indeed the backbone of change detection in hydrological records; hence, conditions that have to be fulfilled by the data are quite demanding. A series of records should be sufficiently long (in relation to the natural variability of the process) for a change to be detected with adequate reliability. The choice of river gauging stations to be used typically reflects such criteria as the length of the time series of good-quality records as well as the currency of records that should extend through to a recent past. Missing values and gaps in data are complicating factors. It is advantageous to seek a representative geographical coverage, while avoiding the inclusion of many neighbouring (and possibly correlated) gauging stations in the data set. Also, catchment size is of relevance, with priority given to smaller catchments which are more likely to have less strong anthropogenic influence in comparison to larger catchments. Selection of stations to use in a climate change impact study is particularly important (cf. Kundzewicz and Robson 2004) . River flow is the integrated result of natural factors, such as precipitation, catchment storage and evaporation, as well as catchment management practices and river engineering that alter the river conveyance system over time. This complicates the problem of detecting a climate change signature in river flow data (Kundzewicz et al. 2005) . To assess climatically forced hydrological changes, data should be taken, to the extent possible, from near-pristine drainage basins that are not largely affected by human activities (urbanization, deforestation, reservoirs, drainage systems, water abstraction, river engineering, etc.). Catchments featuring significant changes during the interval of records, related to land use and land cover or river regulation are not appropriate.
The objective of this study is the analysis of long-term trends in selected river flow indices describing annual and seasonal average conditions as well as annual extreme conditions in small-and medium-sized catchments with relatively unmodified flow regime (semi-natural catchments) in Poland. The special focus is on the spatial analysis of trends, carried out on a comprehensive, representative data set of flow gauges used in this study.
Climate change in Poland manifests itself in the most pronounced way in observed temperature records, particularly heat indices . To interpret the change in river flow, it is important to examine the results of change detection studies in precipitation (therein also intense precipitation and snow-related characteristics), where weaker, although apparent trends, were detected, e.g. in precipitation-based drought indices by Somorowska (2016) . Pińskwar et al. (2018a) analysed changes in observed daily precipitation records in Poland from 1951 to 2015. Trends were detected, but mostly weak and statistically insignificant. Yet, there are regionally consistent seasonal changes and precipitation increase in spring and winter dominates. Pińskwar et al. (2018b) examined precipitation extremes in Poland, showing that daily maximum precipitation for the summer half-year (Apr.-Sept.) increased for many stations and there were more positive changes during the summer half-year than those in the winter half-year (Oct.-March). The number of days with intense precipitation (C 10 mm per day) increased especially in the north-western part of Poland. Szwed et al. (2017) examined the variability of the characteristics of snow cover in Poland. They found that the observed time series of snow-related variables have complex and not easily interpretable behaviour. Yet, a statistical link between the North Atlantic Oscillation (NAO) index and the snow cover depth, as well as the number of snow cover days was found.
Although a substantial amount of studies on trend detection of different types of hydrological indices were published in the Polish language (see, e.g. a review of such studies by Pociask-Karteczka 2011), very few are available for a wider international audience in the English language. Those available ones typically used time series ending in the 1990s (Strupczewski et al. 2001) or early 2000s (Kaczmarek 2003) . More recent studies usually focused on single catchments (e.g. Banasik et al. 2013; Ilnicki et al. 2014; Kędra 2017; Miler 2015; Somorowska 2017) or small regions (Niedźwiedź et al. 2015; Ruiz-Villanueva et al. 2016; Sen and Niedzielski 2010) , with one notable exception of Wrzesiński and Sobkowiak (2018) who analysed long-term changes (but not trends) in flow regime of 159 flow gauges with a good geographical coverage in Poland. Polish rivers were not included in several pan-European (Hannaford et al. 2013; Stahl et al. 2010) or global (Hodgkins et al. 2017 ) studies on trend detection, perhaps due to restrictive data sharing policy . In summary, a need for a comprehensive trend detection study for Polish river flows is well motivated.
Materials and methods

River flow data
Many countries (e.g. Canada, UK, USA) possess networks of gauges with long and uninterrupted river flow records from catchments with minimal anthropogenic activitysometimes referred to as reference hydrometric networks, RHNs (Burn et al. 2012) . Such networks are usually subsets of national hydrometric networks and are particularly useful for detecting and attributing trends in river flow indices. Data sets of gauging stations with RHN-like characteristics were also created for large parts of Europe (Stahl et al. 2010) or for the Alpine region in central Europe (Bard et al. 2015) . Although Poland does not maintain its RHN, in this study we have used a data set of gauging stations with RHN-like features.
In his study of classification of natural flow regimes in Poland, Piniewski (2017) analysed a large observation data set of long time series of river flow records, covering the whole country. Flow data were acquired from the Institute of Meteorology and Water Management, National Research Institute (IMGW-PIB). To select data suitable for this analysis, Piniewski (2017) sought gauging stations in river cross sections terminating small to medium catchments with relatively unmodified flow regime. Selected catchments were characterized by a good geographical coverage taking into account spatial climatic and physiographic variability as well as the length of the available river flow record (Piniewski 2017) . Gauges with catchment area of more than 10,000 km 2 were excluded, as at this scale flow disturbance is almost unavoidable (Leasure et al. 2016) . A comprehensive analysis of available GIS data was carried out to exclude catchments suspected to have a moderate or high degree of flow regime disturbance (cf. Piniewski 2017). For example: (1) all catchments containing reservoirs with capacity above 5 million m 3 were excluded; (2) catchments containing cities with population above 200,000 inhabitants were all excluded. Daily hydrographs for all gauges were inspected to identify dubious patterns. It is acknowledged that some, unavoidable, level of human-induced flow alteration is still present in most of the selected catchments; however, some degree of disturbance has to be tolerated (cf. Murphy et al. 2013) , and furthermore the work done represented best effort to select the subset of least human-impacted gauges in Poland.
The original set of data consists of 147 stations. In the present study, it was decided to analyse two subsets of the complete data set (Fig. 1) . One subset (A) comprised 57 gauges with daily data available for 61 years , while the other subset (B) comprised 144 gauges with daily river flow data available over the time interval of 36 years . Note that data for hydrological years (1 November-31 October) were used here. This decision to divide the original data set into subsets reflects the trade-off of having a set of longer time series for a smaller set of stations or a set of shorter time series for a larger set of stations. The subset (A) was selected to maximize the duration of the time series of records, while the subset (B) was selected to maximize the station count and geographical coverage. Stations with data gaps longer than 1 year were avoided, i.e. the maximum length of data gaps for each station in subsets (A) and (B) was 1 year. As shown in Fig. 1 , only four stations in subset (A) and ten stations in subset (B) had 1-year-long data gaps, whereas several further stations had much shorter gaps (mean value 15 days). Data infilling was carried out using a simple interpolation method for short gaps (provided that no larger flood events were noted in the neighbouring stations) or regression from donor catchments for short periods with flood events and for all longer periods. However, since the fraction of missing records in the entire studied data set was very low [0.4% in subset (A) and 0.3% in subset (B)], it is believed that the infilling procedure did not have any tangible effect on the analyses.
As shown in Fig. 1 , geographical coverage of catchments is good, albeit some regions known for their lower human impact (e.g. NE Poland) have a stronger representation. Table 1 presents the basic properties of the selected catchments. The median of catchment areas is equal to 557 km 2 . The catchments present large variability in climatic parameters (precipitation and temperature), elevation and land cover. Huge variability is also present for hydrological parameters which demonstrate that the catchments are indeed well representative for Polish conditions.
River flow indices
The indices describing average annual, average seasonal, as well as characteristics of low and high river flow commonly used in water resources management and engineering are examined here. As this study is supposed to serve as a preliminary one in this subject, simple indices were preferred over the more complex ones. For describing average annual and seasonal conditions, the time series of mean annual (denoted as Q_MEAN) and seasonal (denoted as Q_DJF, Q_MAM, Q_JJA and Q_SON for winter, spring, summer and autumn, respectively) flows were calculated. For extreme low flow conditions, the annual minima of 7 day averaged daily flows (denoted as Q7_MIN) were calculated. Finally, as the index of high extremes, the annual maxima of daily flows (Q_MAX) were used. All indices were calculated in m 3 s -1 . To permit comparisons between catchments and analysis of spatial patterns of trend magnitudes, the annual time series of indices listed in Table 2 were first standardized (i.e. values were subtracted from the mean and divided by the standard deviation).
Trend detection
As in many other studies on trend detection in river flow indices (Kundzewicz and Robson 2004; Stahl et al. 2010; Burn et al. 2012; Hannaford et al. 2013) , in this study we also used the non-parametric rank-based Mann-Kendall (MK) test for monotonic trend (Kendall 1975 ). The test is applicable for non-normally distributed data and data containing outliers or non-linear trends (Stahl et al. 2010) . The MK statistic, Z, is a rank sum standardized by its variance and follows the standard normal distribution with a mean of zero and variance of one. The reader is directed to literature for more details on trend calculation (cf. Kundzewicz and Robson 2004) .
Due to controversies around testing statistical significance of changes in river flow indices using the MK test, we have decided to focus on direction and magnitudes of trends and their spatial patterns rather than significance. A frequent presence of auto-correlation in hydrological time series (the Polish ones are no exception here) has a direct Sen slopes (Sen 1968) were calculated for estimation of trend magnitudes for each index and station. They are calculated using a simple, non-parametric, procedure, as the median of slopes of all possible ordered pairs of time series values. Sen slopes are more robust to outliers than parametric tests such as linear regression. Since slopes are calculated based on standardized time series, they are expressed in standard deviations of a given index value per year. It should be also noted that the existence of autocorrelation does not affect the estimated value of the Sen slope, unlike the p value of the MK test .
Results
Mean annual flow
For both studied periods and corresponding station subsets, decreasing trends in mean annual flow are prevailing in observation records in Poland (Fig. 2 ). An important feature of the larger subset of stations is a clear division of the country into three latitudinal zones: (1) northern part, in which decreasing trends dominate (particularly strong in its central part); (2) central part, in which trends are very weak; (3) southern part, in which Q_MEAN increases for the majority of gauges. In contrast, for the time interval 1956-2016, for approximately half of gauging stations scattered around Poland, no trends were identified.
Mean seasonal flows
Mean seasonal flows are characterized by fairly similar changes as mean annual flows, i.e. between-season differences are not very large (Fig. 3) . Overall, decreasing trends are more common than increasing trends for all seasons. Trend slopes are lower for the smaller subset of stations possessing data for a longer period than for the larger subset and shorter period. In the latter case, latitudinal pattern of change can be observed for every season (as for Q_MEAN), with seasonal flow decreases dominating in the northern part, increases prevailing in the southern part, and low trend slopes for stations in the central part of Poland. The highest decreases can be noted for Q_MAM in the northern part of Poland, but only for the subset (B). Since the river flow maxima, typically of snowmelt origin, are usually reached in the spring season in this region of Poland, it is expected that similar decreases will be obtained for Q_MAX. 
Low flows and floods
Summary of trends
As presented in Table 3 , the time period 1981-2016 for which a larger gauging station data set was available is characterized by a higher level of agreement between the studied river flow indices. Only for Q_SON, the autumn season average flow, only 58% of stations have a negative trend, while for the remaining six indices it ranges between 66 and 68%. For the longer period 1956-2016, in one case, for Q_DJF, more stations show increasing than decreasing trends. In contrast, in the case of annual maximum flow (Q_MAX), only 21% of gauges show increasing trends. It should be noted though that trend magnitudes for the longer period were generally lower (Figs. 2, 3, 4) .
Inter-annual variability in river flow indices
In addition to studying trends in river flow indices, it is important to track their inter-annual variability (Fig. 5) . Since, as shown in Table 3 , for all indices there are stations showing either increasing or decreasing trends, Fig. 5 uses a selection of stations, of which one always shows a negative trend (left column) and the other shows a positive trend (right column). Example flow gauges were selected for each index separately, in such a manner that they represented a region in which most of the stations showed trends in a similar direction. Thus, the majority of stations showing negative trends are located in the northern part of Poland, whereas most of the stations showing positive trends are situated in the southern part. Plotted trend lines Mazowiecki, for which Q_MAM undergoes a more rapid decrease in the period 1981-2016 than in the period 1956-2016 (Fig. 5) . Such a situation is most often the case; however, sometimes the longer period exhibits higher magnitudes of slopes (increases in the River Dunajec at Nowy Targ for Q_SON), and sometimes nearly the same magnitudes are visible for both periods (decreases for the River Prosna at Mirków for Q_JJA).
Relationship between streamflow and catchment characteristics Piniewski (2017) calculated a number of climatic, physiographic and hydrological catchment properties for all gauging stations used in this study. We now used the former database of catchment properties to examine possible correlations between them and the trend slopes estimated in the present study. Four example linear regression plots for those combinations of river flow indices and catchment properties that achieved the highest correlations show that, in general, Q_MAM and Q_MEAN had the highest mean correlation across all seven indices (reaching R 2 = 0.17), whereas the lowest correlation was obtained for Q7_MIN (equal to 0.05) (Fig. 6) .
Comparison of calculated R 2 values across all seven river flow indices suggests that some of the catchment properties had much higher correlation with river flow indices than others. The strongest predictor of Sen slope was the parameter called LOC_DistCoast, denoting distance from the geographical centre of the catchment from the (Baltic Sea) coast. This is in line with Figs. 2, 3 and 4, demonstrating a clear divide of the country into two or three zones, depending on the latitude and distance from the coast. The lower the distance from the coast, the more pronounced is the decrease in river flow indices, for example in Q_MAM for which the correlation was the highest (Fig. 6) . The ratio of outwash sands and gravels (GEO_outsand) was another good predictor of trend slope magnitude, with catchments rich in this type of bedrock having generally more pronounced decreasing trends, particularly in Q_SON. A similar relationship was present between the ratio of lakes (HYD_Lake) and Q_DJF (but not other indices). Finally, the coefficient of variation of daily flows (Q_CV) was positively correlated with the Sen slope magnitude for several indicators, in particular with Q_MEAN as shown in Fig. 6 . It is also noteworthy that other possibly important catchment properties such as drainage area or some temperature and precipitation indices had lower correlation values than those shown in Fig. 6 .
Discussion
In the light of the objective of this study mentioned in ''Introduction'', the special focus was on the spatial analysis of trends, carried out on a comprehensive, representative data set of river flow used in this study. This paper addresses a visible need for a comprehensive trend detection study for Polish river flows.
The results of trend detection in different indices of river flow in Poland presented in this paper show that there exists a spatial divide that seems to hold quite generally for various indices that were examined. Decreases of river flow were found to dominate in the northern part, while increases dominate in the southern part. The central part, extending around a central parallel over Poland, being a transition zone between the north and the south, is frequently characterized by the majority of 'no trend' results. It should be noted, though, that this spatial gradient is apparent only for the results based on the larger subset of stations having data available for the period 1981-2016, and not really for the longer period 1956-2016, with a lower number of stations. This is in accordance with the study of Ilnicki et al. (2014) which observed that trends in mean annual discharge of the River Warta were going in opposite directions (positive in 1950-1980 and negative in 1981-2010) . Furthermore, the magnitude of increases is generally lower than that of decreases. The results also show that one of the indicators of geographical location, distance of catchment centroid from the coast, is a very good predictor of trend slopes for all but one index. The highest correlation occurred between the location from the coast and the spring season average flow. This finding is quite similar to the one reported by Kriaučiūnien_ e et al. (2012) , who mentioned that moderate decreases in spring flows can be noted in the western, maritime regions of the Baltic States, while they are absent in eastern, continental regions. In the Polish case, the distance from the coast is on one hand correlated with climatic indices (maritime vs. continental climate), but also with some of the physiographic catchment properties, which is connected to the glacial legacy of Polish landscape. The surface slope basically declines northwards (with some exceptions), but geomorphic properties, e.g. the type of prevailing postglacial deposits on the vast Polish plain, also exhibit clear spatial trends.
Dominating downward trends in river flow indices detected in this study for rivers situated on the Polish plain are supported by publications of other authors (Banasik et al. 2013; Somorowska 2017) . Upward trends in mean winter and spring season flows found in this study for numerous stations located in the southern part of Poland were also found by Kędra (2017) for the River Soła located in the Carpathians. The results of a multi-temporal trend analysis performed for annual maximum flows by RuizVillanueva et al. (2016) for rivers in the Dunajec catchment demonstrated that trend direction depends on the analysis period. While increasing trends were prevailing for periods starting in the 1960s and ending in the 1990s, the opposite direction of trends was noted for later periods, i.e. starting in the 1980s and ending in the 2000s. Kaczmarek (2003) reported decreasing trends in snowmelt-induced floods in four major Polish rivers: Vistula, Odra, Warta and Bug, which partly corroborates our findings on decreases in Q_MAX and Q_MAM, especially in northern Poland. Pociask-Karteczka (2011) analysed trends in mean annual flows of the Vistula and Odra rivers concluding that ''statistically significant increase or decrease in river discharge in Poland as a response to climate changes in Poland has not been observed''. Our study shows that in Polish rivers whose drainage areas are two to five orders of magnitude lower than those of the Vistula and Odra (10 0 -10 3 vs. 10 5 km 2 ), certain trends can be detected, although the picture is rather complex. Stonevicius et al. (2014) detected strong upward trends in winter flows in Lithuanian rivers. This result is different from the one obtained in the present study for rivers situated in NE Poland, in close proximity to the Lithuanian border. Bormann and Pinter (2017) evaluated trends in low flows in Germany, presenting maps illustrating strong upward trends in southern and central Germany, and non-significant or downward trends in its northern part. The pattern observed for Polish rivers in this study was quite similar. It should be noted though that rivers in the study of Bormann and Pinter (2017) were influenced by water management, which can perturb natural climate-driven trends for near-pristine drainage basins, as demonstrated in a study of Marcinkowski and Grygoruk (2017) . Wrzesiński and Sobkowiak (2018) demonstrated that the largest changes in the flow regime of Polish rivers LOC_DistCoast distance from coast, GEO_outsand ratio of outwash sands and gravels). See Piniewski (2017) for more details on calculated catchment properties Acta Geophysica (2018) 66:347-360 357 in the time interval 1951-2010 took place in catchments with the strongest human influence, which partly explains rather weak and unequivocal trends detected in this study for semi-natural catchments.
No research known to the authors convincingly demonstrates a regionally ubiquitous and uniform change in river flow at any larger scale (global, continental, regional, national) . Gerten et al. (2012) identified statistically significant changes in average annual discharge across Europe between 1901-1970 and 1971-2002 and proposed attribution of changes. However, the resultant map of changes is complex and heterogeneous. Over Poland, their results differ from those presented in the present study and this is understandable for several reasons (selection of different time horizons of analysis, use of model-based simulations over all grids in contrast to raw observation data on catchments in Poland that were found not to be heavily modified).
To interpret the change in river flow it is important to examine the results of change detection studies in precipitation (therein also intense precipitation) and snow cover. However, even if trends were detected, they were mostly weak and statistically insignificant. Yet, there are regionally consistent seasonal changes and precipitation increase in spring and winter dominates. Pińskwar et al. (2018b) showed that daily maximum precipitation for the summer half-year (Apr.-Sept.) increased for many stations and there were more positive changes during the summer halfyear than those in the winter half-year (Oct.-March). Szwed et al. (2017) found that observed tendencies in time series of snow-related variables is complex and not easy to interpret. Yet, statistical relations between the North Atlantic Oscillation (NAO) index and the snow cover depth, as well as the number of snow cover days were found. Quasi-cyclic variability in some of the river flow indices can also be noted in Fig. 6 ; however, investigation of correlation between NAO (or similar indices) and trend results presented herein was beyond the scope of this study. We refer the reader to other studies devoted to this phenomenon, e.g. Rutkowska et al. (2017) , Pociask-Karteczka (2006) , Wrzesiński (2011) and a recent review article of Steirou et al. (2017) .
Comparison of results of trend detection with river flow projections shows that projections build a far more spatially homogeneous map than the observation records and this is not surprising. By construction, projections (cf. Piniewski et al. 2017b, c) are based on smooth information from climate models (subject to empirical-statistical or dynamical downscaling and bias correction). Moreover, projections show likely increases of mean annual and seasonal flows (cf. Piniewski et al. 2017b ) as well as indices of low and high flows (cf. Piniewski et al. 2017c ), which are driven by projected increases in precipitation, particularly in winter and spring seasons (Piniewski et al., 2017a) . Hence, there are many places in Poland where the direction of change of river flow does not correspond between observations and projections, rendering interpretation a considerable conceptual dilemma. Although much effort has been undertaken to select flow gauges free of visible human pressure, there is a risk that at least for some of the catchments other effects could play their role.
It is important to stress that time series of annual maximum and annual minimum (7-day) flows, analysed in this study, convey information on some river discharge extremes only. This broadly used approach is straightforward and well established. However, in years with more than one high-flow episode, only one flood event per year is selected, while in years with no large flows at all, a nonflood (medium or even low) flow, in absolute terms, could have been extracted as the annual maximum. An alternative is a peak-over-threshold (POT) approach, where all independent floods above a certain threshold (i.e. possibly several events in one year and none in another year) are considered (Kundzewicz et al. 2005) . Likewise, in generally wet years, the annual minimum does not have to be a low flow in absolute terms.
Conclusion
This study analysed long-term trends in selected river flow indices over two time intervals (1956-2016 and 1981-2016) in small-and medium-sized catchments with relatively unmodified flow regime (semi-natural catchments) in Poland. The examined indices describe annual and seasonal average conditions as well as annual extreme conditions-low and high flows. Geographical coverage of catchments in this study is good, albeit some regions known for their lower human impact (e.g. NE Poland) have a stronger representation. Two selected time windows demonstrate the sensitivity of the river flow process to the selection of the study period. The more recent period, however, is of more practical interest for water managers.
Altogether, there is a strong random component in the river flow process, the changes are weak and the spatial pattern is complex. For both studied periods and for two station subsets (providing longer time series at fewer stations or shorter time series at more stations), decreasing trends in mean annual flow are prevailing in observation records in Poland. Yet, the results of trend detection in different indices of river flow in Poland show, for 1981-2016, the existence of a spatial divide that seems to hold quite generally for various indices (annual, seasonal, as well as low and high flow). Decreases of river flow dominate in the northern part of the country, while increases usually dominate in the southern part. At stations in the central part changes are mostly very weak. It seems that the magnitude of increases of river flow is generally lower than that of decreases. In contrast, for the time interval 1956-2016, for approximately half of gauging stations scattered around Poland, no trends were identified. It is worthy of stating that decreases of low flow are observed in areas where the mean river flow is low, in general. Hence, the problems related to streamflow drought have likely been exacerbated.
It was found that some catchment properties have a fairly strong correlation with river flow indices. The strongest predictor of the Sen slope was the distance from the geographical centre of the catchment from the Baltic Sea coast. In this context, one can interpret the existence of a clear divide of the country into two or three zones, depending on the latitude and distance from the coast.
Trend detection in long time series of river flow records is an activity of vast theoretical interest and considerable practical relevance. The former statement reflects the search for impacts of the ongoing climate change and for adaptation needs. Climate change track is easy to find in records of overwhelmingly increasing temperature, but the situation is far more complex for precipitation and even more so for river flow records, where several contributing (and partly compensating) factors play a role. The latter statement reflects the fact that water management is based on the assumption of stationarity, that is, constancy of statistical properties of the river flow record. Hence, it is crucial to check, on a regular basis and using updated records, whether taking this assumption is justified, i.e. whether the statistical properties of the record can be regarded as approximately stationary. For instance, flood risk reduction is based on the concept of design flood; hence, river flow corresponding to a given probability of exceedance is the parameter of importance for people responsible for flood preparedness, both from the viewpoint of general natural disaster risk reduction and climate change adaptation, as flood hazard is expected to increase in the warming climate, with more room for water vapour in the warmer atmosphere.
